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A search-routing database in used to direct 
database search requests to only those databases that 
may contain results to the search request. The 
search-routing database contains a subset of the data 
fields from the other databases in the network, along 
with a field indicating the database to which the 
search request should be routed. When a database 
search request is received, a modified search request 
is generated based on the overlap between the type 
of information contained in the search request and 
the type of information contained in the data-fields 
of the search routing database. This modified search 
request is submitted to the search-routing database, 
which returns a list of database candidates which 
could produce results to the original search request. 
The original search request is then submitted to those 
database candidates, and the results are returned to the 
user. 
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METHOD AND SYSTEM FOR RETRIEVING DATA FROM MULTIPLE DATA 
SOURCES USING A SEARCH ROUTING DATABASE 



BACKGROUND OF THE INVENTION 

Field of Invention 

10 The present invention relates generally to information retrieval from multiple 

information sources. More particularly, the present invention relates to a method and 
system for routing a request for information to different information sources such that a 
response to the request is obtained quickly and efficiently. 

15 Discussion of the Related Art 

In the field of information management, it is often desirable to store data in a 
network of multiple databases, each database containing a subset of the data contained in 
the network. To make effective use of the information stored in such a network, it is 
important to be able to access the information quickly and efficiently. However, when a 

20 network contains multiple databases, locating a desired piece of data can be difficult since 
it requires detailed knowledge of the characteristics of each of the databases in the network 
in order to determine which databases contain the desired data. 

One approach to lessening this difficulty has been to provide the user with a 
summarized description of the contents of each of the distributed databases, thus enabling 

25 the user to search those databases which, based on the description, seem most likely to 

contain responsive information. However, such an approach suffers from the problem that 
the abstracted descriptions of the databases will, by necessity, be somewhat imprecise, 
thereby creating the possibility that the user will not be able to locate the desired 
information. In addition, when there are a large number of distributed databases, even a 

30 set of descriptions of the contents of each database can be too much information for a user 
to process quickly and effectively. Finally, use of database descriptors presumes some 
level of intelligence on the pan of the user, who is asked to select the descriptor or 
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descriptors of the databases that are most likely to contain the desired data. As a result, 
when the "user" is a computer, such a system necessitates the use of knowledge-based 
algorithms, which can be complicated, costly, and prone to errors. 

One way to reduce these problems would be to simply decrease the number of 
databases in the network, thereby decreasing the number of database descriptions and 
enabling each description, in turn, to be more complete. However, this approach can 
increase the cost of maintaining the database network, since it reduces the database 
administrator's flexibility to house data at the most logical location from an information- 
storage perspective, and can result in an inefficient use of system resources. For example, 
such an approach incurs the costs of transporting data to the designated storage sites, and 
also results in the simultaneous underutilization and overutilization of system resources as 
certain remote storage capabilities are not used while other storage facilities are called 
upon to store excessive quantities of data, necessitating the purchase of additional, or more 
costly, storage equipment at these sites. As a result, such an approach requires a 
complicated trade-off to be made between the ease of using, and the cost of administering, 
the database network. 

Ideally, multiple databases at different locations could be utilized without increasing 
the complexity of using the system to the end-user, or significantly increasing the cost of 
operating the system to the system administrator. The physical separation of databases 
within the network would be transparent to the end user, enabling the user to view the 
entire network of distributed databases as a single database. 

One approach to making the internal network architecture transparent to the user is 
to simply send each request for data to each of the databases in the network, thus ensuring 
that the user's search request will be performed on each of the databases in which 
responsive information, if any, is contained. There are two general ways to access each of 
the databases in the network: serially or in parallel. The advantage of accessing the 
databases serially is that only one database in the network needs to respond to the query at 
a time, thereby minimizing the amount of network resources being used at any given 
moment. However, serial access of each database in the network has serious 
disadvantages, foremost of which is that it can be a relatively time-consuming process, 
since each of the numerous databases will have to be accessed, one-at-a-time, to insure that 
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all information responsive to the user's query is located. 

Some of the disadvantages associated with serial access of separate databases can 
be 'avoided by accessing the databases in parallel. Under this approach, the same query is 
sent simultaneously to all of the databases in the network, thus avoiding the need to 
successively poll each different database, and, as a result, decreasing the time required to 
obtain a response to an information request. But parallel access has disadvantages of its 
own. For example, each query still requires each of the databases in the network to be 
accessed, thereby consuming resources at all of the databases, and incurring costs in time 
and money depending on how distant, or how busy, the databases are. Moreover, truly 
parallel access of a large number of databases can require a prohibitive amount of 
processing power, thereby further increasing the cost and complexity of the system. 

SUMMARY OF INVENTION 

Accordingly, it is desirable to provide a method and system for accessing data in a 
network of databases quickly and efficiently, and in a manner that renders the internal 
architecture of the network of databases transparent to the user. The data is preferably 
accessed without relying on abstractions of the contents of the databases, instead relying 
on literal content. This method and system for accessing data in a network of databases- 
desirably provides broad flexibility in data management and distribution across the 
network. 

These and other advantages are achieved by the present invention, which in one * 
exemplary embodiment provides a data retrieval system that includes a plurality of 
databases, each database including one or more records comprised of a plurality of fields. 
A search-routing database is also provided that includes one or more records comprised of 
a plurality of fields, one of which contains a database identifier. In addition, the system 
includes a proxy server for receiving a first search request and forming a modified search 
request, wherein the modified search request includes a subset of the fields of data 
contained in the first search request. The system further includes a search engine for 
searching the search-routing database using the modified search request and returning one 
or more database identifiers: a router for sending the first search request to the identified 
databaset's); another search engine for searching the identified databasefs) for data 
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responsive to the first search request; and an output device for returning responsive data to 



a user. 



In yet another exemplary embodiment of the invention, a method of retrieving data 
from a plurality of databases is provided. In this embodiment of the invention, a proxy 
server first receives an input search request having a plurality of fields from a user. Next, 
the proxy server creates a modified search request by extracting certain fields from the 
original search request. A search-routing database is then searched for data responsive to 
the modified search request. If responsive data is found in the search-routing database, 
then one or more database identifiers associated with the responsive data are returned to 
the proxy server. Next, the original search request is routed to the database(s) identified 
by the one or more database identifiers. The database(s) are searched for data responsive 
to the original search request. If responsive data is located, it is returned to the proxy 
server and ultimately to the user. 



BRIEF DESCRIPTION OF THE DRAWTNHS 

The features and advantages of the present invention will be better understood by 
reference to the following detailed description, which should be read in conjunction with 
the accompanying drawings in which: 

FIG. 1 is an illustration of a system for practicing the present invention. 

FIG. 2 is an illustration of a database record according to an embodiment of the 
present invention. 

FIG. 3 is an illustration of a record in a search-routing database according to an 
embodiment of the present invention. 

FIG. 4 is an illustration of the relationship between the data stored in a search- 
routing database and other databases in the system. 

FIG. 5 is a flow chart setting forth an exemplary method of performing a search 
according to the present invention. 

FIGS. 6A and 6B illustrate the relationship between a search request and a 
modified search request in different embodiments of the present invention. 
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FIG. 7 is a flow chart setting forth an exemplary method of forming a modified 
search request for use in an embodiment of the present invention. 

FIG. 8 illustrates a nested embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The following embodiments of the present invention will be described in the 
context of a network of databases used to provide directory assistance, although those 
skilled in the art will recognize that the disclosed systems and methods are readily 
adaptable for broader application. 

FIG. 1 discloses a network of databases according to one illustrative embodiment 
of the invention. As shown in FIG. 1, the system includes one or more input devices, for 
example, a networked server 14 and a computer terminal 16. The networked server and / 
or computer terminal may be associated with a telephone 18, whether through an 
intermediary operator (not shown) or by direct connection. The telephone may be a 
landline, wireless, or cellular telephone. The input devices are capable of communicating 
with a proxy server 20 via data connections 22. The proxy server 20 is, in turn, connected 
to (or included within) a search-routing database 24 through input/output port 44, and 
connected to a group of databases 28, 30, 32 through network connections 38. 

It will be appreciated that the present invention could be practiced using many 
different network configurations. For example, the databases 28, 30, 32 could comprise a 
local area network (LAN), a wide area network (WAN), or a group of conceptually 
separate databases within the memory of one or more computers. In addition, data 
connections 22 and network connections 38 may comprise any suitable combination of 
connectors, examples of which may include, without limitation, telephone lines, Tl lines, 
cable lines, communications buses, and satellite transmissions. 

The proxy server 20 typically includes a processing unit 40, a memory unit 42, 
input/output port 44, and one or more communications buses 46 for interconnecting these 
components. The memory unit 42 may include both high speed random access memory 
(RAM) as well as non-volatile storage, such as magnetic disk and read only memory 
(ROM) devices. The memory unit 42 stores one or more database search engines 48 for 
performing database searches. For purposes of practicing the present invention, anv 
suitable search engine can be selected. One example of such a search engine is the db-One 
full text search engine produced by Metro One Telecommunications. In an alternative 
embodiment, a keyword search engine could be utilized. 

- 6 - . 



-.04 A 2 



WO 00/62264 



PCT/USOO/08919 



0 



30 



The memory unit 42 also includes database connecting data 51, to facilitate 
connection to databases 28, 30, 32, as well as an operat.ng system 50, for performing basic 
svstem operations such as handling input and output, and for moving programs and data 
within the memory unit. In addition, in a further embodiment, search-routing database 24 
is included in memory unit 42 of proxy server 20, thereby eliminating the need for a 
separate storage unit to contain the search-routing database. 

Search-routing database 24 and databases 28, 30, 32 each store data in a plurality 
of records 26 and S^respectively. In addition, databases 28, 30, 32 may each include, or 
be connected to, a server 36. Similar to proxy server 20, server 36 may contain a memory 
unit, a processing unit and a communications port, the memory unit stonng an operating 
system and a search engine. Although any suitable server may comprise servers 24 and 36, 
one suitable server is a Sun Microsystems EnterpriseServer 3500. Moreover, although 
databases 24, 28, 30, 32 may comprise any suitable data storage medium, one such storage 
medium is a Sun Microsystems Storage Array 100. 

FIGS. 2 and 3 provide illustrations of the data records stored in databases 28, 30, 
32 and the search-routing database 24, respectively, in one embodiment of the present . 
invention. In particular, FIG. 2 shows an exemplary database record 34 having a plurality 
of fields 52, each field 52 having an associated field identifier 54 and potentially containing 
data 56. The database record 34 shown in FIG. 2, for example, has six fields 52 for stonng 
data 56 regarding an individual's last name, first name, middle initial, c.ty, state, and 
telephone number. 

FIG. 3 shows an exemplary search-routing database record 26. Similar to database 
record 34, the search-routing database record 26 is comprised of fields 58, each field 
having an associated field-.dentifier 60 and potentially communing data 62. .As discussed ,n 
more detail below, these fields 58 preferably correspond to one or more fields contained ,n 
the database records 34 contained in databases 28, 30, 32. Thus, in FIG. 3, the search- 
routina database record 26 includes city and state fields corresponding to the city and state 
fields contained in database records 34. The fields 58 utilized in the search-routing 
database records 26 are chosen to maximize the efficiency and comprehensiveness of a 
search ensunna that onlv the minimum number of databases necessarv to conduct a 
rhorou.h search are searched In addition, the search-routing database records 26 contain 
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a database-identifier field 64 that stores the name of, pointer to, or any other suitable 
identifier of, one or more of the databases 28, 30, 32 containing the data found in fields 58. 

It will be appreciated that all of the fields of a record need not be populated with 
data. For example, in FIG. 2, the first name field does not contain data. Moreover, the 
5 number of fields 52 and the specific field identifiers 54 shown in FIG. 2 and throughout this 
application have been chosen for purposes of illustration, and are not intended to limit the 
scope of the present invention. Persons of ordinary skill in the art may select fields and 
field identifiers according to their own needs based on the teachings of the present 
invention. In addition, the depiction of data, fields, and records in FIGS. 1, 2, and 3 and 

10 throughout this application is intended to facilitate an understanding of the principles of the 
present invention, and is not intended to limit the invention. For example, the notation 
"field" and "record" is not intended to refer exclusively to the data structures shown in 
FIG. 2, but may, instead, refer to any suitable combination of data structures that provides 
a mechanism for associating data with a suitable identifier or category in accordance with 

15 the principles of the present invention. Thus, it will be appreciated that, for example, each 
record contained in a database may not actually contain its own set of field identifiers, but 
may instead be stored in a table, such as that shown in FIG. 4, thus enabling the use of one 
set of field identifiers for all of the records in the table. 

The relationship between the data stored in the search-routing database 24 and the 

20 data stored in databases 28, 30, 32 will now be discussed with reference to FIG. 4, which 
shows an example of the records contained in databases 28, 30, 32 and search-routing 
database 24. As shown in FIGr. 4, databases 28, 30, 32 are illustratively shown as 
Maine/Vermont (MEAT), Oregon/Washington (OR/WE), and California/Nevada 
(CA/NV) databases, respectively. The records 34 contained in databases 28, 30, 32 each 

25 have last name, first name, city, state, zip code and telephone number fields, some or all of 
which are populated with data. The records 26 contained in search-routing database 24, 
on the other hand, each have city, state, and database identifier fields, some or all of which 
are populated with data. 

The data contained in the fields of the search-routing database 24 is preferably the 

30 same, or substantially the same, data contained in the corresponding fields of the records 
contained in databases 28, 30, 32, rather than an edited or abstracted version of this data. 
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Whereas an abstracted version of the data could produce inaccurate search results and 
would take time and resources to create, use of the actual data provides a powerful way of 
ensuring that a search request will locate responsive data if the responsive data is contained 
in the network of databases. Additionally, use of the actual data is straightforward to 
5 implement. 

Thus, in the example shown in FIG. 4, the search-routing database contains the 
actual city and state data contained in databases 28, 30, 32. In a preferred embodiment, 
however, the search-routing database contains only one record for each unique 
combination of fields. For example, the search-routing database shown in FIG. 4 

10 preferably contains only one record in which the value for the city field is "Portland", the 
value for the state field is "OR", and the value for the database identifier field : 'OR/WA'\ 
even thouah, as shown in FIG. 4, the ORAVA database 30 contains three records 66, 67, 
68 with those city and state values. It can be seen that if suitable fields are selected, the 
number of records stored in the search-routing database will be significantly smaller than 

15 number of records contained in databases 28, 30, 32, and the volume of data contained in 
the search-routing database records can be expected to be less voluminous than the data 
contained in databases 28, 30, 32 as well. It will be appreciated, however, that the 
selection of a desirable set of fields for the search-routing database will depend on the 
particular application for which the present invention is to be used, and that persons of 

20 ordinary skill in the art can readily select fields according to their own needs based on the _ 
teachings of the present invention. 

The operation of the system described above will now be discussed with reference 
to FIG. 5, which provides a flow chart setting forth a method in accordance with the 
present invention for searching a group of databases 28, 30, 32 for data responsive to a 

25 search request, or query. 

As shown in FIG. 5, a search request must first be obtained by the proxy server 20 
(step 70). Several devices for generating such a request are shown in FIG. 1, namely 
terminal 16 and networked server 14, although it will be readily apparent to one of 
ordinary skill in the art that any of a number of other suitable devices could be used to 

30 uenerate the search request, such as telephone 1 8 in association with the terminal or 

networked server. Preferably, the user will be prompted by a user interface to enter the 



t 



search request into the input device. In one embodiment, the user would be prompted to 
enter data into one or more fields corresponding to the fields 52 contained in a database 
record 34. However, it will be understood that the present invention could be practiced 
even if a search request were to contain some fields that were not included in a database 
5 record 34. It will also be appreciated that the invention could be practiced using a system 
that did not prompt the user to enter data into separate fields, but instead simply prompted 
the user for input, and then parsed the input into fields after it was received from the user. 
Alternatively, as discussed in more detail below, in some embodiments the user may be 
prompted, to enter a portion of the input query, while other portions of the input query are 

10 automatically generated. Moreover, some input devices, such as networked server 14 may 
generate the search request automatically based on input received from another source or 
generated by an internal condition, and thus would not prompt a user for input. 

Once the search request has been entered and sent to the proxy server 20 a 
modified search request is formed (step 72). The proxy server 20 forms the modified 

15 search request by extracting the fields of data in the original search request that correspond 
to the fields of data contained in the search-routing database. FIG. 6A illustrates the 
relationship between an original search request 84 and a modified search request 86, 
according to one embodiment of the present invention. As seen in FIG. 6A, the input 
search request consists of a plurality of fields 88, some of which are populated with data. 

20 The modified search request 86 includes one or more fields 90 of data, corresponding to 
the fields 58 contained in a search-routing database record 26. The data stored in the fields 
90 of the modified search request 86 is taken, or generated, from the original search 
request 84. Additional examples of modified search requests are shown in FIG. 6B. 

A preferred method of forming a modified search request 86 in accordance with the 

25 present invention is shown in FIG. 7. Once a search request 84 is obtained (step 96), the 
field identifier 85 of the first field of data in the search request 84 is compared with the 
field identifiers 60 used in the search-routing database 24 (step 98). If a match is found 
between the search request's field identifier 85 and a field identifier 60 used in the search 
routing database 24 (step 100), then the data, if any, contained in that field of the search 

30 request is copied into the corresponding field in the modified search request (step 102). If 
no match is found, then that data is not copied into the modified search request. Next, the 
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or,«,nal search request S4 is checked ,o see if ■■ covins additional fields (s,ep .04). If,, 
does contain additional fields, then steps 98 through ,04 are performed once agam on 
successtve field, ofdata This process ,s repeated until no additional fields of data are 
contained ,n the inn., search request 84. at which point the modified search request 86 ,s 
complete in seme embodiments, the proxy server 20 may, a, that point, add certam 
addttional routing cnteria to the modified search request For example, the c,,y and state ■ 
fields ,n modified search request 94. shown ,n FIG. 6B. could be filled ,n by the process 
described above The date field, however, could be filled in w„h data automaucally 
Generated by the proxy server 

" One of ordinary skill in the art will appreciate that there are numerous other 
methods of forming a modified search request 86 in addition to the exemplary embodiment 
presented above. For example, ,n an alternative embodiment, the fi e,d-,den„fiers 85 of he 
ordinal search request 84 and the search-rout.ng database may be Known in advance, thus 
e„a"b„n g the proxy server 20 to automatically copy the data ,n the appropnate fields of the 
original search request 84 ,nto corresponding fields in the modified search request 86 , 
without the necessity of proceeding sequentially through each of the fields contained .n . 
each search request and comparing the field identifiers to the field identifiers contained ,n . 
,he search-routmg database. Similarly. ,n another embodiment the original search request 
mav not contain explicit field identifiers, and the correspondence between the entere d ,a . 
, and the fields .n the search routing database would then be deduced from, for example, the, 
position of the input data ,n the stream of data comprising the search request, or from . c 
properties of the data itself. In ye, another embodiment, the step of forming a modified 
search request , elimmated. and the origina, search request ,s used ,n place of the modtfied 
search request in the subsequent steps 

Returning to FIG 5. once the modified search request 86 ,s formed (step 7.), 
proxy server 20 searches the search-routing database 24 for data responsive to the 
modified search request 86 <step 74). This search ,s preferably performed by search engine 
48 stored withm the proxy server 20 or within the search routing database 
responsive data ,s found in the search-routmg database 24 (step 76), that .s, ,f the da 
-,„ contained ,n the popu,ated fields of the modified search request 86 are found ,n one o 
' more records 26 in the search-routing database 24. then the database ,de„t,„ers o4 from 
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the responsive records 26 are returned to the proxy server 20 (step 78). For example, 
record 25 in FIG. 4 would be responsive to modified search request 86, shown in FIG. 6A, 
and thus the OR/WA database identifier contained in record 25 would be returned to the 
proxy server 20 when steps 74 through 78 were performed. As another example, records 
25 and 27 in FIG. 4 would be responsive to the modified query 92 shown in FIG. 6B, and 
thus the ME/VT and OR/WA database identifiers would be returned to the proxy server 



20. 



In one embodiment of the present invention, search engine 48 has a spell-checking 
feature which allows the search engine to correlate data in the fields of the modified search 
request 86 to data in the fields of one or more records 26 in the search-routing database, 
even if the data is misspelled or mis-entered. For example, if the number for John A. Doe 
in Philadelphia was being sought, but in the search request the city had mistakenly been 
entered as "Filladellfia," the spell-checking feature would determine that the desired city 
was in fact Philadelphia, and return the appropriate database identifier 64 from a 
responsive record 26 in the search routing database 24. Similarly, if the data for the search 
request had been correctly inputted, but Philadelphia had been spelled incorrectly in the 
search routing database record 26, the spell-checking feature of the search engine would 
still find a match between the search request and the record, and return the appropriate 
database identifier 64. 

If no responsive data is located in the search-routing database 24, in one 
embodiment a message would be sent to the user who submitted the search, indicating that 
there is no data responsive to the user's search request 84. In another embodiment, if no 
responsive data is located in the search-routing database 24, a predetermined group of one 
or more database identifiers would be returned to the proxy server 20 (step 80). Such a 
predetermined group of database identifiers would preferably be chosen to comprise the 
databases 28, 30, 32 most likely to contain data responsive to the original search request 
84. For example, this group may comprise the. databases closest in proximity to the user 
who submitted the original search request 84, the databases most recently updated, every 
database in the network, or any other suitable group of databases. Such an approach is 
advantageous in the situation where the modified search request has no fields which 
contain data, as may occur if the user enters data in only those fields of the search request 
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that are not used to form the modified search request. Thus, even though there may be no 
intersection between the populated fields in the search request and the fields in the search- 
routing database, data responsive to the user's request can still be located using this default 
search strategy. Such a default strategy has the added advantage of enabling a search 

5 request to be obtained without requiring the user to populate certain input fields with data, 
thus making it easier for the user to operate the system, and further ensuring that the 
internal architecture of the system remains transparent to the user. 

Referring once again to FIG. 5, the databases identified in step 78 or step 80 are 
now searched for data responsive to the original search request (step 82). For this 

10 purpose, the proxy server 20 could contain a list of contact information 5 1 enabling it to 
connect to each of databases 28, 30, 32. If multiple database identifiers are returned by 
step 78 or step 80, these databases can be searched in any. suitable order without departing 
from the principles of this invention. For example, the databases could be searched 
serially, in parallel, or in some combination thereof Moreover, although any suitable 

15 search engine may be used to search the databases identified in step 78 and step 80, in one 
embodiment the search engine used to search these databases would be of the same type as 
the search engine 48 used to search the search-routing database 24. As with search engine 
48, the search engine used to search databases 28, 30, 32 may utilize spell -checking 
functionality to correlate misspelled or mis-entered data. Searching the databases 

20 identified in step 78 or step 80 with the same type of search engine used to search the 

search routing database is convenient and ensures that the results of the user's search will 
be the same as they would be if the search-routing database were not used, thus ensuring 
that the internal structure of the network of databases remains transparent to the user. 

Once the appropriate databases have been searched for information responsive to 

25 the original query, the results of the search are returned to the user (step 83). As an 

example, with reference to FIGS. 4 and 6 A, if database 30 shown in FIG. 4 were searched 
for data responsive to search request 84 shown in FIG. 6A (after being identified as the 
relevant database by the database identifier in record 25 as detailed above), then database 
record 68 would be returned to the user who submitted the search request. There are 

30 numerous ways to return the results of a database search. For example, certain responsive 
records could be merged together or sorted according to a predefined ordering criteria, 
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such as alphabetical order. A merging scheme that produces a unitary output from 
multiple, multi-database records furthers the transparency of the system to the user, and 
allows for encapsulation of data, providing broad flexibility in data management. Of 
course, it will be appreciated that any suitable way of returning the search results may be 
used in accordance with the principles of this invention. 

By narrowing the number of databases that are searched to include only those that 
are most likely to contain responsive data, the present invention is capable of significantly 
increasing search efficiency. Moreover, as described above, the internal structure of the 
network remains transparent to the user, who can simply view the entire network as a 
single database, thus making the system easy to use. In addition, accurate results are 
ensured since the data contained in the search-routing database is the same, or substantially 
the same, as the data contained in the network of databases, rather than an abstracted or 
summarized version of these data. Furthermore, the search-routing database is able to 
achieve these efficiencies while imposing relatively small data storage requirements of its 
own, since only a small portion of the total amount of data in the network needs to be 
contained in the search-routing database. 

The optimum choice of fields for the search routing database will largely depend 
upon the application and the universe of data fields at hand. For example, in FIG. 4, the 
data in the network is segregated according to the ''state" field, a separate database 
existing for each state or group of states. Accordingly, for this application it may be 
desirable to include the "state" field in the search-routing database, so that search requests 
are directed to the minimum possible number of databases, while still resulting in a 
comprehensive search. Thus, for example, if a user submits a search request seeking 
information on persons with the last name of Smith in the state of Oregon, the search 
request would only be routed to the OR/WA database. In contrast, if the search-routing 
database were to contain only the "last name" field, the query would be routed to all of the 
database that contain the last name of "Smith", which would most likely comprise a 
substantial percentage of the total number of databases in the network. 

As another example, suppose the data in the network of databases were segregated 
alphabetically by last name. Thus, for example, one database may contain all last names 
beginning with letters A-C, another database may contain all last names starting with D-F, 
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and so forth. In this system, it might be beneficial to include the last name field in the 
search routing database, thus ensuring that input search requests will be routed to a 
minimal number of databases in the network, and that a comprehensive search will be 
achieved. Thus, it can be seen that the searching efficiency realized by the system can be 
increased by including fields in the search-routing database that correspond to the data 
separation scheme used to store data in the network. Similarly, the data separation scheme 
for databases on the network can be designed in light of, or in combination with, the fields 
of the search-routing database 24 to achieve the highest ratios of efficiency and 
comprehensiveness. 

The greatest efficiencies are achieved when the search routing database 24 utilizes 
fields encompassing geographical boundaries or logical divisions such as state or area 
code. Utilizing such large scale divisions will not only result in a small, rapidly-searchable 
search routing database, it will also most likely reflect the actual data separation scheme 
used across the network. For example, a national directory assistance service center with 
local call centers in different geographic regions might maintain individual databases 
physically located at each local call center, each database containing the phone numbers of 
the respective local area codes. If a customer call to the directory assistance center was 
being handled out of a particular local call center, but the caller desired a number in 
another region, ordinarily the directory ass.stance center's entire network of databases 
would have to be searched. However, by utilizing a "state" or "area code" field in the 
search routing database 24, the search would be directed to the appropriate local call- 
center's database only, resulting in an efficient and rapid query return. 

Although certain categories of fields for the search routing database have been 
described, one of ordinary skill in the an will realize that any suitable set of fields may be 
included in the search routing database in accordance with the present invention. It should 
also be appreciated that the fields in the search-routing database 24 need not compnse a 
strict subset of the fields in the input query or in each of the databases in the network of 
databases. For example, the search-routing database may contain fields that do not appear 
in some input queries, or in some of the databases in the network of databases. 

The entries in the search routing database 24 can be updated to accurately reflect 
the data in databases 28. 30. 32 in a number of ways, as is well known in the an. For 
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example, the search-routing database 24 could be automatically, or manually, updated each 
time any one of the databases 28, 30, 32 is updated. Thus, for example, if a record is 
added to database 28, the search-routing database 24 would be checked to see if it already 
contained a record corresponding to the data added to database 28. If it did not. then a 
record would be added to the search-routing database 24 that corresponded to the newly- 
added data. Deletions and modifications to data stored in databases 28, 30, 32 could be 
performed in a similar manner. 

Referring now to FIG. 8, another embodiment of the present invention is shown 
In FIG. 8, multiple systems of the general type shown in FIG. 1 are nested together to form 
a system that includes multiple search-routing databases 24, 106, 108. In the embodiment 
shown in FIG. 8, search routing database 106 communicates with search routing databases 
24 and 108 as well as database 1 16. Search routing database 108, in turn, communicates 
with search routing database 106, below it, and databases 110, 112, 114, above it. Search 
routing database 24 communicates with search routing database 106 below it, and 
15 databases 28, 30, 32 above it. Of course, one of ordinary skill in art will recognize that 
there are multiple ways of nesting the systems and method of the present invention in 
addition to the hierarchical fashion shown in FIG. 8. 

When a user submits a search request via input device 1 1 8 to search-routing 
database 106, for example, search-routing database 106 processes the search request and 
20 routes it to one or more of the other search-routing databases 24, 108, and / or database 
116. If search-routing database 108, in turn, receives a search request, it processes the 
search request and routes it to one or more of databases 110, 112, 1 14 When responsive 
data is located in one of the databases 28, 30, 32, 110, 112, 114, 1 16, it is passed back 
down the chain of proxy servers and returned to the user. 
:5 Accordingly, while the present invention has been described with reference to a few 

specific embodiments, the description is illustrative of the invention and is not to be 
construed as limiting the invention. Various modifications may occur to those skilled in 
the art without departing from the true spirit and scope of the invention as defined by the 
appended claims. 
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WHAT IS CLAIMED IS: 

1 A method of retrieving data from a plurality of databases, comprising: 

maintaining a plurality of databases, said databases including a plurality of database 

records comprised of a plurality of database fields, 

maintaining a search-routing database, said search-routing database including a 

plurality of search-routing database records comprised of search-routing database fields, 

said search-routing database fields including a database-identifier field and one or more 

database fields; 

receiving a first query from a user said first query comprised of fields of data; 

extracting data from the fields of said first query to form a modified query; 

searching said search-routing database for records responsive to the modified 
query, and returning one or more database identifiers, 

routing the first query to the databases identified by said database identifiers, 

searching the databases identified by said database identifiers for data responsive to 
said first query; and 

returning data obtained from the identified databases that is responsive to said first 

query. 

2. The method of claim 1, wherein the databases are physically separate databases. 

3. The method of claim I, wherein said search-routing database fields comprise a 
database-identifier field and a plurality of said database fields, said plurality of database 
fields comprising a subset of the database fields contained in said database records. 

4. The method of claim 1, wherein said one or more database identifiers comprise 
identification data contained in the database-identifier field of search-routing database 
records responsive to said modified query. 

5. The method of claim 1. wherein said one or more database identifiers comprise 
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a predefined set of database identification data. 

6. The method of claim 1 , wherein the one or more database fields contained within 
the search-routing database contain data substantially similar to data contained in one or 

5 more corresponding database fields in the plurality of databases. 

7. The method of claim 1, wherein the step of maintaining a search-routing database 
further comprises: 

selecting one or more of said search-routing database fields to correspond to a 
data-segregation scheme used to segregate data between individual databases within the 
10 plurality of databases. 

8. A data retrieval system, comprising: 

a plurality of databases, said databases including database records comprised of 
database fields; 

15 a search-routing database, said search-routing database including search-routing 

database records comprised of search-routing database fields, said search-routing database 
fields including a database-identifier field and one or more of said database fields; 

an input device for obtaining a first query from a user, said first query comprised of 
fields of data; 

20 a proxy server for receiving the first query and forming a modified query, said 

modified query comprising a subset of the fields of data contained in the first query; 

a search engine for searching said search-routing database for records responsive to 
the modified query and returning one or more database identifiers, said database identifiers 
identifying one or more target databases; 
25 a router for sending said first query to the target databases; 

a second search engine for searching the target databases for data responsive to 
said first query; 

an output device for returning data responsive to said first query. 



30 



9. The system of claim 8, wherein said first search engine and said second search 
engine are of the same type. 
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10. The system of claim 8, wherein said first and second search engines have spell 
correction capability. 

5 11. The system of claim 8, wherein one or more of said plurality of databases further 
comprises a database server for operating said second search engine. 

12. The method of claim 8, wherein said one or more database identifiers comprise 
identification data contained in the database-identifier field of search-routing database 

10 records responsive to the modified query. 

13. The method of claim 8, wherein said one or more database identifiers comprise a 
predefined set of database identification data. 

15 14. The system of claim 8, wherein the one or more database fields contained within 
the search-routing database contain data substantially similar to data contained in one or 
more corresponding database fields in the plurality of databases. 

15. The system of claim 8, wherein the search-routing database fields include one or 
20 more fields corresponding to a data-segregation scheme used to segregate data between 

individual databases within the plurality of databases. , r 

16. A method of retrieving data from a plurality of databases, comprising: 
receiving a query having a plurality of fields; 

25 creating a modified query by extracting data from certain fields of the query; 

searching a first database for records responsive to the modified query; 
returning one or more database identifiers from records responsive to the modified 

query; 

routing the query to databases identified by the returned database identifiers; and 
30 searching the identified databases for data responsive to the query. 
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19. The method of claim 1 6, wherein the amount of data stored in the first database is 
less than the amount of data stored in the plurality of databases. 

20. A method of retrieving data from a plurality of data sources, comprising: 
receiving a search request; 

searching a first data source for first data responsive to the search request, said first 
data having an associated data source identifier that identifies a second data source; 

if said first data is found in the first data source, routing the search request to the 
second data source; 

searching the second data source for second data responsive to the search request. 
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